The presence of a plasmid 40 to 48 megadaltons in size is essential for the expression of virulence in Yersinia enterocolitica (12, 26, 31, 33) . Closely related virulence plasmids are harbored by Yersinia pseudotuberculosis (1, 13) and Yersinia pestis (1, 11, 25) . In all three species, carriage of the virulence plasmid promotes a nutritional requirement for Ca2+ at 37°C. At this temperature, cultivation in Ca2+-deficient media enriched with Mg2+ (-20 mM) (i.e., conditions simulating mammalian intracellular environment with respect to divalent cations) promotes inhibition of cell division (6, (11) (12) (13) and concomitantly elicits production of the virulence-associated antigens V and W (5, 6, 13, 24) (3, 26, 30) probably unrelated to V or W (24, 30) . In addition, presence of the Vwa plasmid is correlated with the ability to autoagglutinate at 37°C (18, 19, 24, 26, 29, 31) .
The nature of plasmid-mediated virulence in Y. enterocolitica is currently being debated. Neither enterotoxin production nor the ability to invade cell cultures in vitro is associated with the Vwa plasmid (12, 26, 27, 31) . Portnoy et al. (26) presumed that the contribution of the virulence plasmid to pathogenesis occurred after penetration of the cell membrane. Vesikari et al. (31) , on the other hand, suggested that this plasmid primarily determined epithelial cell adherence. Anyway, bacterial adherence to the epithelial lining of the intestinal mucosa is a prerequisite for prolonged colonization of the host. Many bacteria produce surface antigens which enable adherence to Autoagglutination. All strains were tested for potential virulence by the autoagglutination assay described by Laird and Cavanaugh (18) . Strains were streaked on blood agar plates and incubated for 2 to 3 days at 22°C. Ten Strains were tested for HA production after cultivation on three different media.
(i) Nutrient broth. All strains listed in Table 1 were subcultured serially at intervals of 3 to 5 days in glass tubes containing 10 ml of nutrient broth 2 (Oxoid Ltd., Basingstoke, Hampshire, England) under aerobic and static conditions, in agreement with the methods employed by MacLagan and Old (20) . Each strain was subcultured five times since MacLagan and Old reported that no Y. enterocolitica strain required more than five subcultures to produce HA in this medium. All strains were cultivated in this manner at 22°C.
Human clinical isolates were also tested after incubation at 37°C. The fifth tube in each series was centrifuged (2,000 x g for 15 min) to obtain a bacterial pellet which was tested for HA production with RBC from humans (group A Rh+, from a single donor), guinea pigs, and hens. Bacteria which were characterized by strong and rapid reaction with all of these species of RBC were further tested with cow, goat, horse, rabbit, and sheep RBC to ascertain whether these strains possessed a broad-spectrum MRHA similar to that described by MacLagan and Old (20) .
(ii) Colonization factor agar. All strains were cultivated for 48 h at 22 and 37°C on colonization factor (CFA) agar plates (9) to obtain confluent growth which was tested for HA production with human, guinea pig, and hen RBC. CFA agar has proved useful for the study of adhesins in Escherichia coli (9, 10), for which this medium was specially designed.
(iii) Eagle MEM. A total of 51 strains were cultivated in Eagle MEM (containing 10% fetal bovine serum and bicarbonate) for 18 to 20 h at 22 and 37°C as described for the autoagglutination assay. Each culture was centrifuged (2,000 x g for 15 min), and the bacterial pellets were tested for HA production with cow, dog, This approach enabled direct comparison of autoagglutinating and nonagglutinating bacteria with respect to HA production. Thirty-six of the strains selected for study belonged to serogroups associated with human or animal yersiniosis (0:2, 0:3, 0:5, 0:8, and 0:9). We compared the HA production of AA' and AAcultures from each of these serogroups (see Table 3 ).
Usually, both AA' and AA-derivatives from the same strains were studied. The remaining 15 strains examined were environmental isolates, all of which were negative in the autoagglutination assay and produced HA after serial subcultivation in nutrient broth.
RESULTS
Autoagglutination. Out of 339 Yersinia strains tested, 95 (28%) were positive in the autoagglutination assay ( HA production. (i) Subcultivation in nutrient broth. When subcultivated serially five times in nutrient broth at 22°C, 43 (13%) of the 339 Yersinia strains examined produced HAs which reacted with at least one of the three species of RBC tested (hen, guinea pig, and human) ( Table  1 ). All HAs detected in this study were MRHA.
A great majority (86%) of the MRHA-positive strains belonged to the environmental group of yersiniae ( Table 1) . None of 78 human clinical isolates of serogroups 0:3, 0:8, or 0:9 produced HA at either 22 or 37°C. Negative results were also obtained with all 39 porcine isolates of serogroups 0:3 and 0:9. Altogether, none of the strains which were positive in the autoagglutination assay produced HA when subcultured in nutrient broth. Autoagglutination was not observed after cultivation in this medium.
Six different hemagglutination patterns (HAl through HA6) were detected. The relationship between hemagglutination patterns and taxonomic groups is presented in Table 2 . A total of 30 strains reacted with hen, guinea pig, and human RBC, but the strength of the agglutination varied considerably (1+ to 3+) between strains and between RBC species (HA1). Another eight strains were characterized by strong and rapid reaction with all three species of RBC tested (HA2). Bacteria with this hemagglutination pattern were also tested against cow, goat, horse, rabbit, and sheep RBC, all of which agglutinated strongly (4+). Six of seven environmental isolates of serogroup 0:3, biotype 1, produced HA2, in contrast to the negative results obtained with serogroup 0:3, biotype 4, of human and porcine origin (see above). The remaining HA patterns (HA3 to HA6), each of which was exhibited by only one or two strains, are described in broth at 22°C. With this exception, the HAs produced on CFA agar were usually weaker than those observed with the broth subcultures and sometimes failed to agglutinate one of the RBC species.
(iii) Eagle MEM. Comparison of autoagglutinating and nonagglutinating derivatives from Y. enterocolitica serogroups 0:2, 0:3, 0:5, 0:8, and 0:9 showed that all AA' derivatives tested produced a distinct MRHA when cultivated in Eagle MEM at 37°C overnight, whereas no hemagglutination was observed with any of the AA-derivatives from the same serogroups (Table 3). This autoagglutination-associated MRHA reacted with guinea pig RBC but not with cow, dog, hen, horse, human, rabbit, or sheep RBC. Strong hemagglutination (3+) was observed with serogroups 0:3, 0:5, 0:8, and 0:9, in contrast to the negative results obtained after cultivation in nutrient broth (Table 1) , in which autoagglutination was not observed. The 0:2 strains gave relatively weak (1 + to 2+) hemagglutination reactions. Eight strains were able to agglutinate guinea pig RBC after cultivation at 22°C as well as at 370C. However, the MRHA observed at 22°C was weak and occurred among strains which showed traces of autoagglutination at this temperature. No difference was detected between the hemagglutination patterns displayed by human and porcine isolates of serogroups 0:3 or 0:9.
Out of 15 environmental strains which produced HA in nutrient broth, 10 were also capable of HA production in Eagle MEM (Table 3) . The hemagglutination patterns detected differed from the autoagglutination-associated MRHA observed with serogroups 0:2, 0:3, 0:5, 0:8, and 0:9, and the hemagglutination reactions were generally weaker than after subcultivation in nutrient broth.
DISCUSSION
The autoagglutination assay gives a relatively reliable presumptive indication of the pathogenic potential of Y. enterocolitica isolates. Complete agreement between the autoagglutination test results, presence of virulence plasmids, and mouse virulence has been reported by several authors (19, (27) (28) (29) . However, a few false-negative and false-positive cultures have also been detected (8, 18) . Furthermore, bearing in mind that plasmids are easily lost on subculture, investigators should exercise caution when interpreting negative results in this plasmid indicator (28, 31) . It has been suggested that a family of related virulence plasmids sharing a high degree of DNA sequence homology exists in Y. enterocolitica (26) . The results obtained with serogroups 0:1, 0:2, 0:5, and 0:13-7 (Table 1), all of which have been associated with disease in humans or animals (21) , indicate that strains belonging to these serogroups may also harbor virulence plasmids with properties similar, if not identical, to those of strains hitherto characterized.
Swine are regarded as the main source of human infection with Y. enterocolitica (8, 14, 21) . Strictly considered, however, this assumed epidemiological connection has never been definitely established (21) . In the present study, no difference was detected between human and porcine strains of serogroups 0:3 and 0:9 with respect to autoagglutination or hemagglutination patterns (Tables 1 and 3 ). This is yet another factor of resemblance between human and porcine strains and adds further evidence to support the suggestion that there is an epidemiological connection between humans and swine as regards Y. enterocolitica infections. It should be emphasized, however, that bacteria showing identical hemagglutination patterns may still differ in their abilities to colonize epithelial surfaces. One factor which remains to be investigated is whether the porcine isolates of Y. enterocolitica possess specific CFAs which enable adherence to, and subsequent colonization of, the human enteric epithelium.
Autoagglutination was not detected in any of the environmental Yersinia strains studied (Table 1), indicating the absence of virulence plasmids among these isolates. However, only 10 colonies of each strain were tested. Schiemann et al. (28) found that autoagglutination and mouse virulence may be present in a variety of serogroups, including some that are rarely associated with human disease (0:4-32, 0:21). Hence, more work should be initiated to ascertain whether the virulence plasmid may be transferred between different serogroups within Y. enterocolitica.
In the present study, a broad spectrum of yersiniae, encompassing both clinical and nonclinical isolates, was examined for HA production by using broth subcultures, in accordance with the approach of MacLagan and Old (20) . None of the clinical isolates produced HA by this method at either 22 or 37°C (Table 1 ). In contrast, six different hemagglutination patterns were detected in the environmental group of yersiniae ( enterocolitica is not related to the presence of fimbriae or HA. However, this lack of correlation in vitro does not imply that such factors are unimportant in vivo. It is well known that adhesin production may require special media and culture conditions. Serial subcultivation in nutrient broth is selective for the fimbriate phase of many enterobacteriaceae (22) . To determine whether other media would be more conducive to HA production, studies were carried out after cultivation on CFA agar and in Eagle MEM. The latter medium induced virulence-associated autoagglutination in Y. enterocolitica, but nutrient broth did not. CFA agar, which has been found suitable for the study of CFAs in E. coli (9, 10) , failed to recognize several HA-producing strains of Y. enterocolitica (Table 1) . However, cultivation in Eagle MEM at 370C led to the detection of a distinct MRHA which showed consistent correlation with autoagglutination (Table 3) . Hence, our results indicate that this autoagglutination-associated MRHA might be encoded by the virulence plasmid of Y. enterocolitica. Research is in progress to determine the nature of this MRHA and whether it is involved in the autoagglutination process. It is possible that both autoagglutination and the concomitant MRHA are promoted by the ancillary outer membrane proteins produced by Vwa+ Y. enterocolitica. Further investigations are also required to determine whether this MRHA is produced in vivo and whether it has any significance in the pathogenesis of Y. enterocolitica enteritis. 
